Background: Sustained investments in Rwanda's health system have led to historic reductions in under five (U5) mortality. Although Rwanda achieved an estimated 68% decrease in the national under U5 mortality rate between 2002 and 2012, according to the national census, 5.8% of children still do not reach their fifth birthday, requiring the next wave of child mortality prevention strategies. Methods: This is a cross-sectional study of 9002 births to 6328 women age 15-49 in the 2010 Rwanda Demographic and Health Survey. We tested bivariate associations between 29 covariates and U5 mortality, retaining covariates with an odds ratio p < 0.1 for model building. We used manual backward stepwise logistic regression to identify correlates of U5 mortality in all children U5, 0-11 months, and 12-59 months. Analyses were performed in Stata v12, adjusting for complex sample design. Results: Of 14 covariates associated with U5 mortality in bivariate analysis, the following remained associated with U5 mortality in multivariate analysis: household being among the poorest of the poor (OR = 1.98), child being a twin (OR = 2.40), mother having 3-4 births in the past 5 years (OR = 3.97) compared to 1-2 births, mother being HIV positive (OR = 2.27), and mother not using contraceptives (OR = 1.37) compared to using a modern method (p < 0.05 for all). Mother experiencing physical or sexual violence in the last 12 months was associated with U5 mortality in children ages 1-4 years (OR = 1.48, p < 0.05). U5 survival was associated with a preceding birth interval 25-50 months (OR = 0.67) compared to 9-24 months, and having a mosquito net (OR = 0.46) (p < 0.05 for both). Conclusions: In the past decade, Rwanda rolled out integrated management of childhood illness, near universal coverage of childhood vaccinations, a national community health worker program, and a universal health insurance scheme. Identifying factors that continue to be associated with childhood mortality supports determination of which interventions to strengthen to reduce it further. This study suggests that Rwanda's next wave of U5 mortality reduction should target programs in improving neonatal outcomes, poverty reduction, family planning, HIV services, malaria prevention, and prevention of intimate partner violence.
Background
Millennium Development Goal Four (MDG4) called for a two-thirds reduction in under five (U5) mortality between 1990 and 2015. Progress toward this goal was made worldwide, with the number of U5 deaths declining from nearly 12 million in 1990 to 6.9 million in 2011 [1] . However, improvement in Sub-Saharan Africa (39% reduction in mortality) was slower than most other regions including Northern Africa (68%) and Latin American and the Caribbean (64%), resulting in a widening disparity where 1 in 9 sub-Saharan African children still died before the age of five [1] . In contrast to regional trends, Rwanda achieved an estimated 70% decrease in the national U5 mortality rate between 2000 and 2011 [2] . Data suggest this could be the most rapid reduction of its kind ever documented, and as a result, Rwanda was one of a few low income countries to meet MDG4 by 2015 [1, 2] .
With the establishment of the Millennium Development Goals (MDGs), the United Nations Millennium project published a list of immediately implementable "quick impact initiatives" that could result in major short-term gains in health for relatively low cost [3] . Like many countries in sub-Saharan Africa [4] , Rwanda's Health Sector Strategic Plan includes many such interventions, however these were integrated into a longer-term strategy, and included the elimination of user fees for some health services, the expansion of access to sexual and reproductive health information and services, and the training and support of community health workers [3, 5] .
Following the devastating effects of civil war from 1990 and genocide in 1994, under-5 mortality was at its highest recorded in Rwanda, the economy was nearly destroyed, and the health system had collapsed. Rebuilding of the country and its systems began in 1999, and in 2000, Rwanda launched its ambitious "Vision 2020" plan [6] , which laid out a 20-year road map for development, including pro-poor policies for growth to benefit the worst off. The education sector reform included in 2008 a special Girls Education Policy [7] , aimed at "the progressive elimination of gender disparities in education and training," focusing on access, quality and retention. The government had also prioritized gender parity in secondary and university education [8] . In the health sector, significant strategic investments were made to decentralize infrastructure and human resources in health, with the ratio of doctors and nurses to population achieved actually surpassing initial targets [5] . Explanations for Rwanda's rapid reduction in U5 mortality have been detailed in the literature [2, 9] , and center on development of a system with ready access and accountability, universal access to insurance, performance based financing, community health workers and coordinated use of foreign investment to strengthen health delivery systems.
While short-and long-term interventions appear to be having major impacts on U5 mortality in Rwanda, and while Rwanda was able to reach MDG4, it is an opportune moment to take stock and consider how to target future investments to maximize their impact. This article aims to identify areas for potential further intervention by evaluating socio-demographic and health factors associated with U5 mortality in the 2010 Rwanda Demographic and Health Survey (RDHS).
Methods

Data
This analysis is based on data collected from 6328 women age 15 to 49 in the 2010 RDHS and who had a child in the last five years (9002 births). The 2010 RDHS is a nationally representative two-stage cluster survey conducted roughly every five years. The survey was stratified by Rwanda's 30 districts, with imidugudu (rural villages and urban neighborhoods) serving as primary sampling units, and oversampling in urban areas. The RDHS questionnaires [10] were translated into Kinyarwanda and back translated into English, and field tested before implementation. Data were collected between September 26, 2010 and March 10, 2011. The response rate for the 2010 DHS survey was 99% [10] .
The primary outcome was mortality of children under age five. Complete birth histories were collected including month and year of each biological child's birth and death. These data were used to identify the number of children born in the last five years, length of birth intervals, and child's age at death. For each birth, the woman was additionally asked whether she wanted to be pregnant at that time, place of delivery, and approximate size of the baby at birth. For the most recent birth, women reported detailed information about antenatal care, including number and timing of antenatal visits.
A literature search using PubMed, Google Scholar and HINARI was undertaken to identify biological and social determinants of neonatal, infant, and child mortality in Sub-Saharan Africa, and summarized in a conceptual framework (Fig. 1) . All women reported demographic information including date of birth, marital status, religion, level of education and economic information including employment status, ownership of land, and dependency on others for economic decision-making. All women were asked about their current method of contraceptive use, individual health insurance coverage, as well as perceived barriers to care, including needing permission to go to the doctor, needing money for advice or treatment, distance to the health facility or not wanting to go alone. Women were asked antenatal care questions about their last pregnancy only. A random subset of one woman per household were invited to participate in a domestic violence survey in which they answered questions about physical, sexual, and emotional violence by a husband or partner in the last 12 months. A different randomized subset of women were measured for height and weight by the interviewer, and asked to provide a blood sample for HIV testing. Household size and configuration were calculated from a roster of household members. Multiple questions about household assets (e.g. access to treated drinking water, access to a bank account, and ownership of goods such as radio or bike) were used in a principle components analysis to generate a household wealth factor score [11] , and those households in the left tail of the distribution (score < − 0.8) were classified as the poorest of the poor.
Per the survey design, father social and economic data were only available in a fraction of households, and since father and mother indicators (e.g. education) were highly correlated, father data were not included. Information about underweight, stunting, diarrhea, respiratory infection, fever, and immunization history could not be included in this analysis because data were only collected about children who survived to the date of interview. Breastfeeding was not included because nearly all children (93.5%) were breastfed within one day of birth [5] , and those children not reported as breastfeeding in the first day of life were overwhelmingly the same children who died in the first days of life, so they may not have survived long enough to be breastfed.
Statistical analysis
Based on the conceptual framework, we defined 29 covariates and tested bivariate associations with U5 mortality, retaining those covariates with an odds ratio p-value< 0.1 for model building; spurious associations between unmeasured covariates and the outcome were ignored. We tested for collinear covariates (Pearson's r > 0.6), though none were found. We ordered the 17 remaining covariates from most-to-least import based on the conceptual framework and used manual backward stepwise logistic regression to arrive at a reduced model. Additional models were fitted for infants (age 0 to 11 months) and children (age 12 to 59 months) because pregnancy factors were expected to be more strongly associated with younger deaths than older deaths. We did not model risk factors for neonatal mortality alone because too few pregnancy and delivery variables were available and too few observations were available to make the analysis meaningful. All models controlled for living in the poorest households, mother's education, mother's age at child's birth, and marital status. The analysis was performed in Stata version 12 using survey commands to account for the complex sample design and to apply sampling weights.
Results
Of the 9002 children born in the last five years, 518 (5.8%) had died; 46% of deaths occurred in the neonatal period (0-30 days), 35% in the post-neonatal or infant period (1 to 11 months), and 19% of deaths occurred in children age 1 to 5 years. In bivariate analysis (Table 1) , the following 14 factors were associated with U5 mortality: small size at birth, mother having less than four antenatal care visits, preceding birth interval of more than 24 months, having 3 to 4 births in the last five years, twin birth, desired pregnancy, birth outside of a health facility, mother having no education, widowed mother, HIV positive mother, mother not current user of contraceptive method, physical or sexual violence by husband or partner in the last 12 months, not having a mosquito net, and having an unimproved source of drinking water (p < 0.1 for all). In the reduced model of all children under five, the following factors were positively associated (predictive direction) with U5 mortality: household being among the poorest of the poor (OR = 1.98, p < 0.05), child being a twin (OR = 2.40, p < 0.001), mother having 3 or 4 births in the past 5 years (OR = 3.97, p < 0.001) compared to 1 or 2 births, mother being HIV positive (OR = 2.27, p < 0.01), and mother not using contraceptives (OR = 1.37, p < 0.01) compared to using a modern method. Analysis of childhood mortality by age group (Table 2) indicated that all factors associated with mortality in the combined-ages model were also associated for children age 1 to 4, but only mother having 3 or 4 births in the last five years was positively associated with mortality in infants aged 0 to 11 months. Different factors were negatively associated with mortality (e.g. associated with survival of children under five): preceding birth interval between 25 and 50 months (OR = 0.67, p < 0.01) compared to 9 to 24 months, and household having a mosquito net (OR = 0.46, p < 0.001); the factors were only associated with survival in children age 1 to 4, and not infants. Additionally, mother experiencing physical or sexual violence in the last 12 months was associated with mortality in children age 1 to 4 (OR = 1.48, p < 0.05).
Discussion
Despite major reductions in under-five mortality in Rwanda, the percentage of children that do not survive to their first birthday remains too high, with the highest risk of mortality in the neonatal period. This analysis identified several factors associated with mortality in children under age five in Rwanda, and these findings point toward ways to build on existing interventions to reduce risk of mortality, particularly for infants.
Poverty reduction
The fight against poverty in Rwanda has been impressive, with over a million people lifted out of poverty in the five-year period between 2006 and 2011; during this period income inequality, as measured by the Gini coefficient, declined [12] . Programs such as the national community-based health insurance, which includes fee exceptions for the poorest of the poor, have helped remove financial barriers to care for the most vulnerable. Analysis of the progress in child survival over the past two decades has found that it occurred with increasing social equity, including a reduction in differences among household wealth groups, education levels and between rural and urban areas) [9, 13] . Despite improvements, these results showed that Rwanda's poorest families are still nearly twice as likely to experience the death of a child under five. Still more needs to be done to reduce risks for mortality among the poor and marginalized.
Access to family planning
Effective investments to reduce U5 mortality in Rwanda should support contraceptive use and encourage healthy birth spacing. This study found that more numerous and closely spaced births are a risk factor for U5 mortality, which is similar to results from multi-country studies [14, 15] .
Overall fertility rates declined sharply in Rwanda between 2005 and 2010 falling from 6.1 to 4.6 births per woman [16, 17] ., and then to 4.2 in 2015. This has been attributed to a national political shift in Rwanda toward promotion of smaller families [18] and a dramatic expansion in contraceptive usage from 10.3% in 2005 to 45.1% in 2010 [10] ; one of the fastest increases in modern method uptake ever reported [9, 18] . Despite these trends, 19% of married women in Rwanda reported an unmet need for family planning [18] . Close birth spacing and unintended pregnancies can contribute to U5 mortality in several ways, including the harmful effects of the early child weaning, "maternal depletion syndrome," which weakens mothers and can result in low birth weight and prematurity, and the drain on household resources, including food, that comes with an additional member [19] . A study in Kenya estimated that mortality would decline 11% for neonates, 13% for infants and 17% for all children under-five simply by meeting all of the contraceptive needs of women [20] . These results suggest Key: *p < 0.05; **p < 0.01; ***p < 0.001 that targeting the unmet contraceptive need of Rwandan women could reduce risk of U5 and maternal mortality. Continued increases in access and use of contraception are a part of the country's strategic plan for health improvement and a clearly stated priority of the Ministry of Health [5, 17] .
HIV services
HIV rates in Rwanda are low compared to other subSaharan African countries; the adult prevalence in Rwanda is 3%, compared to neighboring countries like Tanzania (5%) and Uganda (7%) [21] . Children of seropositive mothers are at risk of HIV infection during the pregnancy, delivery and breastfeeding [22] . Early infant testing and diagnosis is of vital importance and requires close postnatal follow-up, as over half of HIV positive children without treatment die, most within their first six months of life [22] . Children of seropositive mothers face additional risks, such as the greater likelihood of being born with low birth weight, exposure to contaminated drinking water during formula feeding, and the potential social and economic isolation faced by their mothers [23] . Our results showed that the mothers of 3.9% of children in Rwanda tested positive for HIV, and these mothers had more than twice the odds of losing a child under age five than HIV negative mothers. The decentralization of the Rwandan healthcare system and the development of a maternal health focused community health program have both helped encourage mothers to complete antenatal care (ANC) visits, which are crucial for the early detection and initiation of treatment. However, despite consistently high levels of seeking ANC (94% in 2005 and 98% in 2010), expectant mothers still rarely (35%) complete the minimum number set by World Health Organization standards and tend to initiate them late (62%) [10] . Nevertheless, rates of facility births have improved impressively, from 28% in 2005 to 69% in 2010 [10] . The Rwandan Ministry of Health also introduced the national B+ treatment program in 2011, with the aim of reducing mother-to-child HIV transmission through the commencement of lifelong antiretroviral triple therapy during pregnancy regardless of clinical stage, coupled with exclusive breastfeeding. These trends and new programs are promising, yet more needs to be done for early detection, close follow-up, as well as to mitigate the other risks children face with seropositive mothers.
Malaria prevention
Tremendous strides have been made in malaria control and treatment globally with the cumulative probability of death due to malaria falling from 35.8 to 12.3 per 1000 children under five between 1980 and 2010 [24] . Malaria is estimated to cause 18% of deaths among children under five in sub-Saharan Africa [25] , and is an important cause of U5 mortality in Rwanda [26] . A meta-analyses by Eisele and colleagues found a protective effect of insecticide treated nets (ITNs) for reducing all-cause mortality by 18% among children aged 1 to 59 months [27] . In this current study, children living in a household with a mosquito bed net had half the odds of mortality compared to those who do not, suggesting that a strong national malaria control program with bed net distribution are important. In 2009, the government of Rwanda introduced community-level testing and treatment of malaria through the national Community Health Worker program. It is expected that the inclusion of malaria in a package of Integrated Management of Childhood Illnesses (IMCI), in addition to regular distribution of treated mosquito nets, will lead to decreased mortality for children under 5. Rwanda has recently experienced an increase in malaria cases, reportedly due to a substantial decline in the use of ITNs [28] . Renewed efforts toward effective malaria prevention, particularly ITNs, will be critical for Rwandan's U5 mortality prevention efforts.
Empowering women by addressing intimate partner violence
A link between intimate partner violence (IPV) and mortality in children has been found in several low income countries, including Rwanda, though this link is not universal [24] . Possible hypotheses are that violence against women is related to violence against children, or that violence is part of a larger disempowerment of women that would limit access to resources and services [29] . The latter theory is reinforced by preliminary qualitative analyses of U5 death verbal autopsies conducted in rural Rwanda (unpublished data from the Verbal and Social Autopsy Study). The portion of women reporting ever experiencing physical or sexual IPV in Rwanda increased sharply from 34% in 2005 to 56% in 2010 [9, 16] . This increase in reported IPV could reflect an actual increase in violence, possibly linked with disruption of traditional gender roles associated with improvements in women's education, employment, and political representation that have been achieved in Rwanda in the last decade [30, 31] . Alternatively, the increase might reflect improved reporting due to increased women's empowerment [30] , or recent legal and institutional changes around gender-based violence (GBV), including a new 2008 law on the prevention and punishment of GBV (No. 59/ 2008) and the creation of gender-desks in police stations staffed mostly by women [32] . The Rwandan government has implemented a variety of gender based violence prevention programs including prevention clubs in schools and universities, and Gender Based Violence committees at the village level, which aim to improve people's knowledge about their rights and support reporting of violence. The Isange One Stop Center program, which offers integrated medical care, psychosocial support, and legal support for victims of domestic violence is currently being scaled to all district hospitals nationwide by 2018. Addressing IPV and its health impacts is challenging, therefore these centers could prove to be an important part of the solution. Finally, the high proportion of under-five deaths occurring in the neonatal period (46%) suggests the need for particular focus on interventions to improve neonatal survival. Although the percentage of Rwandan women delivering in a health facility increased from 28% in 2005 to 69% in 2010 [10] , evidence suggests numerous gaps in the quality of facility-based care during delivery and the early neonatal period [33] . Evidence-based policies and programs to improve neonatal care are underway, and this is an important area for future study [34] .
Limitations of this study include the inability to examine factors that were not included in the Rwanda DHS, as well as the retrospective nature of the death reporting which could lead to recall bias and prevents comparison of individual characteristics such as anemia or stunting. In particular, nutrition likely plays a major contributing role in mortality but could not be examined with the existing data. In addition, though important, father's data could not be included because men were only interviewed in one of every three households, resulting in large amounts of missing data among fathers. Because women were only asked antenatal care questions about the last birth, the higher rate of mortality in those births that were "not asked" about suggests interviewer or reporter bias to avoid talking about the child who died, and/or underreporting or misreporting the timing of recent deaths. The inability to separately examine factors associated with neonatal mortality may miss critical improvements needed for decreasing neonatal deaths. While the available DHS data did not allow this analysis, the authors are currently completing research on specific contexts and factors associated with neonatal death through verbal autopsy, which is expected to provide additional information to target neonatal death reduction specifically, in the Rwandan context. Additional confounding factors may be present that were not controlled for through the selected RDHS data. Finally, certain social characteristics such as the household wealth and urban/rural residence reflect the family situation at the time of the survey, and may have been different at the time of the child's death [9] .
Conclusion
A number of programs have led to massive improvements in under-five mortality in Rwanda, including IMCI, near universal coverage of childhood vaccinations, a national community health worker program, and a near-universal health insurance scheme. As the reductions in U5 mortality that can be achieved by these programs are realized, it is time to think about where to focus efforts and programs to further reduce childhood mortality. In addition to continuing and improving work specifically targeting neonatal mortality reduction, where gains have not been made as rapidly as for older ages, these results suggest that continued investment in family planning, HIV services, malaria prevention, and prevention and prosecution of IPV are key toward further reductions in child mortality. Careful study and comparison of the social determinants of U5 mortality with data from the next DHS survey is recommended to track this progress. 
